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= (54) Title: DEVICE AND METHOD FOR CONTROLLING PISTON POSITION IN LINEAR COMPRESSOR 
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(57) Abstract: I>evice and method for controlling a piston position in a linear compressor, having a power source, a triac, and a 
motor, the device including a current phase detecting part for detecting a cunent switched at the triac, integrating the current, and 
generating a first square wave corresponding to the integrated current, a stroke phase detecting part for generating an AC voltage 
waveform having a fixed frequency and varied amplitude according to a piston reciprocation position following motor operation, and 
generating a second square wave corresponding to the AC voltage waveform, a zero cross detecting part for detecting a zero crossing 
of the voltage supplied from the power source, and a controlling part for generating a signal for controlling a piston position according 
to a phase difference of the first square wave detected at the current phase detecting part and the second square wave detected at the 
stroke phase detecting part, thereby making an efiBciency and a reliability the best by controlling a piston position in a cylinder such 
that a top clearance becomes a minimum according to a phase difference of a current square wave and stroke square wave. 
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tVICE AND METHOD FOR^ 
OLLING PISTON POSITIONIN 
LINEAR COMPRESSOR 

Technical Field 

The present invention relates to a linear compressor, and more particularly, to device and 
method for controlling a piston position in a linear compressor. 
Background Art 

A background art device and method for controlling a piston position in a linear compressor 
will be explained with reference to the attached drawings. FIG. 1 illustrates one example of the 
background art device for controlling a piston position in a linear compressor, and FIG. 2 illustrates 
waveforms of high, regular, and low voltages from the AC-DC voltage transformer in FIG. 1, and 
FIG. 3 explains a definition of top clearance. 

Referring to FIG. 1, one example, of the background art device for controlling a piston 
position in a linear compressor is provided with a power source 1 for supplying AC 220V, a triac 
2 for switching AC 220 volt from the power source 1 in response to a control signal, a motor 3 
operative by AC220V switched thereto through the triac 2 for reciprocating a piston, a stroke 
generator 4 for generating an AC voltage waveform having a fixed frequency and varied amplitude 
according to a piston reciprocating position, a rectifying circuit 5 for rectifying the AC voltage 
waveform generated at the stroke generator 4, a filter circuit 6 for filtering the voltage waveform 
rectified at the rectifying circuit 5 into a DC voltage waveform, an AC-to-DC voltage transformer 
7 for transforming the DC voltage waveform filtered at the filtering circuit 6 into a corresponding 
DC voltage, a zero cross detecting circuit 8 for detecting a zero crossing of AC 220V supplied from 
the power source 1 , a microcomputer 9 for converting the DC voltage from the AC-to-DC voltage 



wo 01/54253 PCT/KROO/01488 
Uiin-;ro!iiici- 7 imo ii loiiiUli^p^'^ion ivcipioc;ilioii iiMTCspiuulinn a: liw l)|^^i:igc. o'uipniiivj ihc 
Icnglh »>!' ihc pision rccipri»cali(Mi lo ;i preset \ aluc._aiid priix idiiiii a cuiurol signal according to a 
result of the comparison, and a phase controlling part 10 tor controlling a llring angle to control a 
stroke in response to a control signal from the microcomputer 9. 

5 The operation of the background art device for controlling a piston position in a linear 

compressor of the present invention will be explained. 

When the phase controlling part 10 provides a triggering signal for a firing angle at an initial 
drive of the linear compressor, the triac 2 switches AC220V from the power source 1 to the motor 
3, so that the motor 3 reciprocates the piston in a cylinder. In this instance, the stroke generator 4 

10 generates an AC voltage waveform having a fixed fi-equency and varied amplitude according to a 
piston reciprocation position. And, the rectifier circuit 5 rectifies the AC voltage waveform 
generated at the stroke generator 4, and the filter circuit 6 filters the voltage waveform rectified at 
the rectifying circuit 5 into a DC voltage waveform. Then, the AC-to-DC voltage transformer 7 
transforms the DC voltage waveform filtered at the filtering circuit 6 into a DC voltage 

1 5 coiresponding to the DC voltage waveform. And, the zero crossing detection circuit 8 detects a zero 
crossing of the AC220V firom the power source 1 , and provides a signal of a zero crossing detection 
result. According to this, the microcomputer 9 converts the DC voltage from the AC-to-DC voltage 
transformer 7 into a length of piston reciprocation, compares to a preset value, and provides a control 
signal according to a result of the comparison. That is, the microcomputer 9 converts the DC voltage 

20 from the AC-to-DC voltage transformer 7 into a length of piston reciprocation corresponding to the 
DC voltage, compares to a preset length for a regular stroke voltage under a regular pressure, and, 
as shown in FIG. 2, as a result of the comparison, if the DC voltage from the AC-to-DC voltage 
transformer 7 is a stroke voltage at a high pressure or a low pressure, provides a control signal for 
altering the stroke voltage into a stroke voltage at a regular pressure. Then, the phase controller 1 0 

25 provides a signal for controlling a firing angle to control the stroke in response to the control signal 
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lioni ihc iiiicrocompuici- is. ihc ph:isc conirollcr 10 piox klcs a ''^'I'K^-'nr 

a firing angle according lo a control signal for alluring a high pressure sirokc \ oliage iVom the 
microcomputer 9 into a regular pressure stroke voltage, or a control signal lor increasing a firing 
angle according to a control signal for altering a low pressure stroke voltage from the microcomputer 
9 into a regular pressure stroke voltage. According to this, the triac 2, triggered by the control signal 
from the phase controller 1 0, controls a voltage phase of the AC220V from the power source 1 , and 
the motor 3 reciprocates the piston in the cylinder according to a phase controlled at the triac 2. That 
is, the triac 2 controls the voltage phase of the AC220V from the power source I according to a 
control signal for reducing the firing angle from the phase controller 10, to reduce a current to the 
motor 3, such that the motor 3 in turn reduces the piston reciprocation length in the cylinder shorter, 
or the triac 2 controls the voltage phase of the AC220V from the power source 1 according to a 
control signal for increasing the firing angle from the phase controller 1 0, to increase a current to the 
motor 3, such that the motor 3 in turn increases the piston reciprocation length in the cylinder 
shorter. Thus, by repeating the foregoing process, the microcomputer 9 converts the DC voltage 
from the AC-to-DC voltage transformer caused by the piston reciprocation in the cylinder into a 
piston stroke length corresponding to the DC voltage, for controlling a piston position. 

However, the background art device and method for controlling a piston position in a linear 
compressor has the following problems. 

First, the system is complicate with the rectifying circuit, the filtering circuit, the AC-to-DC 
voltage transformer, and there is a difference between an actual position and a fedback position 
because of much error at a stroke-feedback device, and the error is related to an error at the circuits 
inclusive of the errors at the motor and the mechanical components, no matter how precisely the 
system is fabricated, occurrence of collision between the piston and the valves /deterioration of an 
efficiency/increase of noise caused by error are not avoidable. 

Second, the system has a poor load estimation capability such that, as shown in FIG. 3, load 
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vnriaiion at a lop clc;iran(^^iioii can nui be ostiinutcJ. iluil causes iht^^irollitvj o]\hc syslcm 
ver>' dilllcull, and prediction of environmental \ ariaiion(lcniperalurc xariaiion) and non-regular 
characteristics in a set siatc(gas leakage, cycle blocking) is difficult. 
Disclosure of Invention 

5 Accordingly, the present invention is directed to device and method for controlling a piston 

position in a linear compressor that substantially obviates one or more of the problems due to 
limitations and disadvantages of the related art. 

An object of the present invention is to provide device and method for controlling a piston 
position in a linear compressor, in which a piston position in a cylinder is controlled for minimizing 

10 a top clearance. 

Additional features and advantages of the invention will be set forth in the description which 
follows, and in part will be apparent from the description, or may be learned by practice of the 
invention. The objectives and other advantages of the invention will be realized and attained by the 
structure particularly pointed out in the written description and claims hereof as well as the appended 

15 drawings. 

To achieve these and other advantages and in accordance with the purpose of the present 
invention, as embodied and broadly described, the device for controlling a piston position in a linear 
compressor, having a power source, a triac, and a motor, includes a current phase detecting part for 
detecting a current sv^tched at the triac, integrating the current, and generating a first square wave 

20 corresponding to the integrated current, a stroke phase detecting part for generating an AC voltage 
waveform having a fixed frequency and varied amplitude according to a piston reciprocation position 
following motor operation, and generating a second square wave corresponding to the AC voltage 
waveform, a zero cross detecting part for detecting a zero crossing of the voltage supplied from the 
power source, and a controlling part for generating a signal for controlling a piston position 

25 according to a phase difference of the first square wave detected at the current phase detecting part 
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mul the second square wu^J^ccleil al ilic slmke phase Jeleeling pan. 

The ciirreni phase dclecling pari includes a.currenl delecting part Ibr delecting a current 
switched at the triac. an integrating part for integrating the current detected at the current detecting 
part, and a first square wave generating part for generating the first square wave corresponding to 

5 the current integrated at the integrating part. 

The stroke phase detecting part includes a stroke generating part for generating the AC 
voltage waveform having a fixed frequency and varied amplitude according to a piston reciprocation 
position, and a second square wave generating part for generating the second square wave 
corresponding to the AC voltage waveform generated at the stroke generating part. 

1 0 The controlling part detects a piston position at which the top clearance becomes a minimum 

according to a phase difference of the first and the second square waves and provides a signal for 
controlling the piston position at which the top clearance becomes the minimum. 

The device for controlling a piston position in a linear compressor fiuther includes a 
rectifying part for rectifying the voltage waveform of the stroke detected at the phase detecting part, 

15 and an AC-to-DC converting part for converting the rectified voltage waveform into a DC 
waveform. 

In another aspect of the present invention, there is provided a method for controlling a piston 
position in a linear compressor having a power source, a triac, and a motor, including the steps of 
(1) generating a first square wave corresponding to a current of a voltage switched at the triac, (2) 
20 generating a second square wave corresponding to a stroke occurred as the motor is operated by the 
voltage, and (3) controlling a piston position by controlling a phase of voltage switched at the triac 
according to a phase difference of the first square wave and the second square wave. 

The step (3) is the step for providing a control signal for controlling a piston position such 
that a top clearance becomes a minimum according to a phase difference of the first and second 
25 square waves. 
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dcscriplion arc exemplary and c\planalor> and arc Lnicndcd lo provide lurlher explanalion oflhe 
invention as claimed. 

RRIEF DESCRIPTION OF THE DRAWINGS 
5 The accompanying drawings, which are included lo provide a further understanding of the 

invention and are incorporated in and constitute a part of this specification, illustrate embodiments 
of the invention and together with the description serve to explain the principles of the invention: 
In the drawings: 

FIG, 1 illustrates one example of a background art device for controlling a piston position 

10 in a linear compressor; 

FIG. 2 illustrates waveforms of high, regular, and low voltages from the AC-DC voltage 

transformer in FIG. 1; 

FIG. 3 explains a definition of top clearance; 

FIG. 4 illustrates a device for controlling a piston position in a linear compressor in 
15 accordance with a first preferred embodiment of the present invention; 

FIG. 5 illustrates a device for controlling a piston position in a linear compressor in 
accordance with a second preferred embodiment of the present invention; 

FIG. 6 illustrates waveforms at different components of FIGS. 4 and 5; 
FIG. 7 illustrates a phase difference between a current phase and a stroke phase; 
20 FIG. 8 illustrates shifted paths of a current phase and a stroke phase following pressure 

changes; and, 

FIG. 9 illustrates a difference between a current phase and a stroke phase at a pressure. 
Best Mode for Carrving Out the Invention 

Reference will now be made in detail to the preferred embodiments of the present invention. 
25 examples of which are illustrated in the accompanying drawings. FIG. 4 illustrates a device for 
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^DUirollinL! a pision posiiit^j^i) linear compressor in accordance wnh u Ijj^^rcronvcl cmbodinicni 
ol'the prcscni invenlion. 

Referring lo FIG. 4. the device for controlling a piston position in a linear compressor in 
accordance with a first preferred embodiment of the present invention includes a power source 10 
5 for supplying AC 220V, a triac 20 for switching AC 220 volt from the power source 1 0 in response 
to a control signal, a current phase detecting part 30 for detecting the current switched through the 
triac 20, integrating the current, and generating a first square wave corresponding to the integrated 
current, a motor 30 operative on the AC220V switched thereto through the triac 20 for reciprocating 
a piston in a cylinder, a stroke phase detecting part 50 for generating an AC voltage waveform 

10 having a fixed frequency and varied amplitude according to a piston reciprocation position and 
generating a second square wave corresponding to the AC voltage waveform, a zero cross detecting 
circuit 60 for detecting a zero crossing of the AC 220V supplied from the power source 10, a 
controlling part 70 for generating a signal for controlling a piston position according to a phase 
difference of the first square wave provided fi'om the current phase detecting part 30 and the second 

1 5 square wave provided from the stroke phase detecting part 50, and a phase controlling part 80 for 
controlling a firing angle to control a stroke in response to a control signal from the controlling part 
70. The current phase detecting part 30 includes a current detecting part 3 1 for detecting a current 
switched through the triac 20, an integrating part 32 for integrating the current detected at the current 
detecting part 31, and a first square wave generating part 33 for generating the first square wave 

20 corresponding to the current integrated at the integrating part 32. The stroke phase detecting part 
50 includes a stroke generating part 51 for generating the AC voltage waveform having a fixed 
fi-equency and varied amplitude according to a piston reciprocation position, and a second square 
wave generating part 52 for generating the second square wave corresponding to the AC voltage 
waveform generated at the stroke generating part 51 . 

25 FIG. 5 illustrates a device for controlling a piston position in a linear compressor in 
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accordnncc wiih a scco^^vlVnvd cmhociinioni of ihc pivscm iin^^^n. which iiicludos 
converting part 90. addilionally. I he converting pad 90 includes a recli lying pan 91 for reciitying 
the AC voltage wavefomi generated at the stroke generating part 5 1 . and an AC-to-DC converting 
part 92 for converting the AC voltage waveform rectified at the rectifying part 91 in a DC voltage 

5 wavefomi corresponding to the AC voltage waveform. 

FIG. 6 illustrates waveforms at different components of FIGS. 4 and 5, FIG. 7 illustrates a 
phase difference between a current phase and a stroke phase, FIG. 8 illustrates shifted paths of a 
current phase and a stroke phase following pressure changes, and FIG. 9 illusU-ates a difference 
between a current phase and a stroke phase at a pressure. What is drawn in the foregoing drawing 

10 does not limit the present invention. A method for controlling a piston position in a linear 
compressor in accordance with a preferred embodiment of the present invention will be explained, 
with reference to the attached drawings. 

Referring to FIG. 4, at an initial operation of the linear compressor, when the phase 
controlling part 80 provides a triggering signal for a firing angle as shown in FIG. 6C, the triac 20 

1 5 switches an AC220V as shown in FIG. 6A supplied thereto. Then, the current phase detecting part 
30 detects, integrates a current switched through the triac 20, and generates a first square wave 
corresponding to the integrated current. That is, the current detecting part 3 1 of the current phase 
detecting part 30 detects a current as shovm in FIG. 6B switched through the triac 20. Then, the 
integrating part 32 integrates the current detected at the current detecting part 3 1 as shown in FIG. 

20 6D. According to this, the first square wave generating part 33 generates the first square wave 
corresponding to the current integrated at the integrating part 32 as shown in FIG. 6E. On the other 
hand, the motor 30 is driven by the power switched at the triac 20, to reciprocate the piston in the 
cylinder. In this instance, the stroke phase detecting part 50 generates an AC voltage wavefomi 
having a fixed frequency and varied amplitude according to a piston reciprocation position, and, 

25 then, the second square wave corresponding to the AC voltage waveform. That is. as shown in FIG . 

8 
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61'. ihc stroke .!:cnoniii!iu^^5! uI iIk- snoUe phase dctcciing pari 50 ^^ales ihc AC voltayc 
waveform having a fixed iVequeiiey and varied ainpiiiude aecording lo a piston reciprocation 
position. Then, as shown in FIG. 6G. the second square wave generating part generates the second 
square wave corresponding to the AC voltage waveform generated at the stroke generating part 5 1 . 

5 And, the zero cross detecting part 60 detects a zero crossing of the AC220V supplied from the power 
source 1 0. Then, the controlling part 70 generates a signal for controlling a piston position according 
to a phase difference of the first square wave detected at the current phase detecting part 30 and the 
second square wave generated at the stroke phase detecting part 50. That is, as shown in FIG. 7A, 
the controlling part 70 provides the signal for controlling a piston position as shown in FIGS. 8 and 

1 0 9 according to a phase difference of the first square wave detected at the current phase detecting part 
30 as shown in FIG. 7A and the second square wave generated at the stroke phase detecting part 50 
as shown in FIG. 7B. According to this, the phase controlling part 80 controls the firing angle for 
controlling a stroke in response to the control signal from the controlling part 70. Then, the triac 20 
switches the voltage supplied from the power source 1 0 according to the firing angle from the phase 

1 5 controlling part 80. And, as the foregoing steps are repeated, the controlling part 70 detects a piston 
position at which the top clearance becomes a minimum, and provides a signal for controlling the 
piston position at which the top clearance becomes the minimum. 

And, as shown in FIG. 5, the converting part 90 may be added to the system in FIG. 3. The 
converting part 90 includes the rectifying part 9 1 and the AC-to-DC converting part 92, wherein the 

20 rectifying part 9 1 rectifies the AC voltage waveform generated at the stroke generating part 5 1 , and 
the AC-to-DC converting part 92 converts the AC voltage waveform rectified at the rectifying part 
91 into a DC voltage waveform corresponding to the AC voltage waveform. Then, the controlling 
part 70 controls operation according to the DC voltage waveform converted at the AC-to-DC 
converting part 92, and conducts a process identical to the process shown in FIG. 4. 

25 Industrial Applicability 
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As has Ixvn cNpl;^^. \Uc ol-\ ice ;nut mciluki Tor ci-niiulliiVL! ii^^mi position in a linear 
compressor has acUanlagcs in ihai an cHlcicnc) ancl.a rcliabilil\ arc made the best by eonuolling a 
piston posiiion in a cylinder such lhat a lop clearance becomes a minimum according lo a phase 
difference of a current square wave and stroke square wave. 

It will be apparent to those skilled in the art that various modifications and variations can be 
made in the device and method for controlling a piston posiiion in a linear compressor of the present 
invention without departing from the spirit or scope of the invention. Thus, it is intended that the 
present invention cover the modifications and variations of this invention provided they come within 
the scope of the appended claims and their equivalents. 



10 



wo 01/54253 PCT/KROO/01488 



Whal is ( Uiimo vi is: 




1 . A device lor conirollinu a pislon positioiun a linear compressor, having a power source, 
a triac. and a moior. comprising: 

a current phase detecting part for detecting a current switched at the triac. integrating the 
current, and generating a first square wave corresponding to the integrated current; 

a stroke phase detecting part for generating an AC voltage waveform having a fixed 
frequency and varied amplitude according to a piston reciprocation position following motor 
operation, and generating a second square wave corresponding to the AC voltage waveform; 

a zero cross detecting part for detecting a zero crossing of the voltage supplied from the 
power source; and, 

a controlling part for generating a signal for controlling a piston position according to a phase 
difference of the first square wave detected at the current phase detecting part and the second square 
wave detected at the stroke phase detecting part. 

2. A device as claimed in claim 1, wherein the current phase detecting part includes; 
a current detecting part for detecting a current switched at the triac. 

an integrating part for integrating the current detected at the current detecting part, and 
a first square wave generating part for generating the first square wave corresponding to the 
current integrated at the integrating part. 

3. A device as claimed in claim 1, wherein the stroke phase detecting part includes; 

a stroke generating part for generating the AC voltage waveform having a fixed frequency 
and varied amplitude according to a piston reciprocation position, and 

a second square wave generating part for generating the second square wave corresponding 
to the AC voltage waveform generated at the stroke generating part. 

11 
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4. A device as in clain) 1. wiicrcin iho vonlri)llinu |vtri^^>i.s ;i pisu^n pusiiion i\\ 

which the lop clearance becomes a inininuim accoaiinu lo u phase dilVerence ol ihe firsl and the 
second square waves and provides a signal for controlling ihe piston position at which the top 
clearance becomes the minimum. 



5 5 . A device as claimed in claim 1 , further comprising a phase controlling part for controlling 

a firing angle for controlling a stroke in response to a control signal from the controlling part and 
providing to the triac. 

6. A device as claimed in claim 5, wherein the triac switches a voltage supplied from a power 
source according to the firing angle from the phase controlling part. 

10 7. A device for controlling a piston position in a linear compressor, having a power source, 

a triac, and a motor, comprising: 

a current phase detecting part for detecting a current switched at the triac, integrating the 
current, and generating a first square wave corresponding to the integrated current; 

a stroke phase detecting part for generating an AC voltage waveform having a fixed 
15 frequency and varied amplitude according to a piston reciprocation position following motor 
operation, and generating a second square wave corresponding to the AC voltage waveform; 

a zero cross detecting part for detecting a zero crossing of the volt^e supplied from the 
power source; 

a converting part for rectifying a voltage waveform of a stroke detected at the stroke phase 
20 detecting part, and converting the voltage waveform into a DC waveform; 

a controlling part for generating a signal for controlling a piston position according to a phase 
difference of the first square wave detected at the current phase detecting part and the second square 

12 
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\vii\c dcux-icd lit iho sin^^iasc dclcciinLi pari. conlroMiivj opcr^^accordinii lo ihe DC 

wavetorm con\ erted ai ihe convening pan. 

8. A device as claimed in claim 7, wherein the converting part includes; 

a rectifying part for rectifying the voltage waveform of the stroke detected at the phase 

5 detecting part, and 

an AC-to-DC converting part for converting the rectified voltage waveform into a DC 

waveform. 

9. A device as claimed in claim 7, further comprising a phase controlling part for controlling 
a firing angle for controlling a stroke in response to a control signal from the controlling part and 

1 0 providing to the triac. 

10. A device as claimed in claim 9, wherein the triac swritches a voltage supplied from a 
power source according to the firing angle from the phase controlling part. 

1 1 . A method for controlling a piston position in a linear compressor having a power source, 
a triac, and a motor, the method comprising the steps of: 

15 (1) generating a first square wave corresponding to a current of a voltage switched at the 

triac; 

(2) generating a second square wave corresponding to a stroke occurred as the motor is 
operated by the voltage; and, 

(3) controlling a piston position by controlling a phase of voltage sv^tched at the triac 
20 according to a phase difference of the first square wave and the second square wave. 
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!2. A nunhoil ;ts^|^K\i in t-iaiivt wiicivin ihc sicp i ! ) !ncl^^iik' sicps oi. 
delcclini: a ciirrcm s\\ ilched al llic iriac. and 

iniegraiing ihc current to generate a square wave corresponding to the integrated current. 

13. A method as claimed in claim 11. wherein the step (2) includes the steps of; 
generating an AC voltage waveform having a fixed frequency and varied amplitude 

according to a piston reciprocation position, and 

generating a square wave corresponding to the generated AC voltage waveform. 

1 4. A method as claimed in claim 1 1 , wherein the step (3) is the step for providing a control 
signal for controlling a piston position such that a top clearance becomes a minimum according to 
a phase difference of the first and second square waves. 
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